Osteoblast recruitment to sites of bone formation in skeletal development, homeostasis, and regeneration.
During endochondral bone development, bone-forming osteoblasts have to colonize the regions of cartilage that will be replaced by bone. In adulthood, bone remodeling and repair require osteogenic cells to reach the sites that need to be rebuilt, as a prerequisite for skeletal health. A failure of osteoblasts to reach the sites in need of bone formation may contribute to impaired fracture repair. Conversely, stimulation of osteogenic cell recruitment may be a promising osteo-anabolic strategy to improve bone formation in low bone mass disorders such as osteoporosis and in bone regeneration applications. Yet, still relatively little is known about the cellular and molecular mechanisms controlling osteogenic cell recruitment to sites of bone formation. In vitro, several secreted growth factors have been shown to induce osteogenic cell migration. Recent studies have started to shed light on the role of such chemotactic signals in the regulation of osteoblast recruitment during bone remodeling. Moreover, trafficking of osteogenic cells during endochondral bone development and repair was visualized in vivo by lineage tracing, revealing that the capacity of osteoblast lineage cells to move into new bone centers is largely confined to undifferentiated osteoprogenitors, and coupled to angiogenic invasion of the bone-modeling cartilage intermediate. It is well known that the presence of blood vessels is absolutely required for bone formation, and that a close spatial and temporal relationship exists between osteogenesis and angiogenesis. Studies using genetically modified mouse models have identified some of the molecular constituents of this osteogenic-angiogenic coupling. This article reviews the current knowledge on the process of osteoblast lineage cell recruitment to sites of active bone formation in skeletal development, remodeling, and repair, considering the role of chemo-attractants for osteogenic cells and the interplay between osteogenesis and angiogenesis in the control of bone formation.